The effectiveness of a hospital incident-reporting system (IRS) on improve patient safety is unclear. This study objective was to assess which implemented improvement actions after the analysis of the incidents reported were effective in reduce near-misses or adverse events.
Introduction
Incident-reporting systems (IRSs) are methods of reporting near misses or adverse events to enable organizational improvement. [1, 2] Most developed countries have developed Clinical Safety Reporting Systems that are voluntary, anonymous, confidential electronic systems that allow the reporting of incidents and adverse events and analysis by a group of experts. [3] [4] [5] Whether these systems improve the safety of patients, however, is unclear. Shojania [6] spoke of the "frustrating case of incident reporting systems" and their many limitations: physician underreporting and bias; that IRSs cannot be used to measure safety or to compare organizations; the lack of a denominator in the metrics; that some reports provide little meaningful value about the usefulness of the safety system; and due to limited resources, error investigations and analysis in health care are often superficial. In addition, IRSs are associated with costs for training staff on their use, in addition to reporting, collecting, and analyzing data from these systems. On the contrary, IRSs could reduce patient injuries, which would lead to a subsequent reduction in costs. Some authors have tried to develop methods for assessing the impact of an improvement action to have a prompt and reproducible tool. Moccia et al [7] developed a methodology of risk management in surgery theaters based among others in the compliance to the single items of the surgical checklist used during real-time observations. Real-time observations had been used previously as the evaluation method of the impact of interventions to improve the hand hygiene. [8, 9] In this study, we analyzed the features of a hospital IRS analyzed by local clinical safety leaders (CSLs), its effectiveness and limitations. The endpoint was to assess which improvement actions were effective in reducing near-misses or adverse events. Following the notification of a patient safety incident (PSI) in the IRS, prospective real-time observations with external staff were planned to record and rated the frequency of that PSI. This methodology was repeated after the implementations of the improvement actions during the first42 months of use of the IRS. We also aimed to establish which factors were related to the improvement measures and the recommendations that significantly reduced near misses or adverse events.
Materials and methods

Setting
The study was conducted at University Hospital La PazCantoblanco-Carlos III (1254 beds, 1153 functional beds, 2016), which offers services in all fields of specialized medical care.
Characteristics and conditions of hospital IRS
The hospital's IRS is voluntary, anonymous, nonpunitive, and confidential. The IRS aims to promote improvements within the organization, independent of an external authority, while analyzing the time to response and providing feedback to the reporting individual. A "patient safety incident" was defined as an event during an episode of patient care that had the potential to (near miss) or actually caused injury or harm (adverse events) to the patient. Only hospital staff (health care staffs, non-health care staffs) can report PSIs to the IRS. The patients cannot report PSIs, but the Patient Liaison Service and Social Work Unit is notified of the claim if it is related to patient safety. Research permission for the IRS was obtained from the hospital board as a database holder; according to organization policy, ethics committee approval was not needed. The IRS was conducted in accordance with the Spanish Personal Data Protection Law. [10] 
Local clinical safety leaders
The Community of Madrid Heath Council (CMHC) in its Patient Safety Strategy, agrees with the hospitals so that each service or unit names a clinical safety leader. At our institution, 175 local CSLs are physicians and nurses designated by the medical and nursing chief officers. After the designation, the local CSL attended training workshops in patient safety and analysis tools taught by Functional Unit of Risk Management (FURM) members or by the CMHC.
Data collection
Each report requires the following: reporter status (physician, medical resident, nurse, nursing assistant, other professionals), age and sex of patient, date of incident, date of the report, phase, type, and evolution (degree of harm). Drop-down menus facilitate location of the PSI. These are categorical variables, mainly captured in drop-down menus. There is also a free text section in which the reporter is asked to describe in detail what occurred and what action was taken as a result. Another section asks who was informed of the PSI (multiresponse possible): patients, relatives, hospital staff, or unknown. The reporter is retrospectively asked whether the PSI could have been prevented (yes, no, or unknown) and prospectively, in a free text box, how it could have been prevented. The PSIs reported from Patient Liaison Service and Social Work Unit were loaded into the IRS. In addition, the PSIs of the primary care report system (CISEM-AP) or from the Emergency Medical Service of Madrid (SUMMA-112) associated with the hospital were introduced into the system and vice versa.
PSI analysis
When a report is entered into the system, a report manager reviews the incident report and assigns it a priority. The IRS uses the Australian classification system to assign a priority. [11] The report managers send the reports for analysis to the local CSLs of the nursing unit and the medical service involved in the report. If the report is a severe adverse event, it is also assigned a member of the FURM to offer assistance with the analysis. The reports were studied using the analytical tools. The analysis and the method were registered in the IRS. The report managers could change the phase of the PSI and determine the latent or contributing factors. The managers chose the improvement measures, and the local CSLs implemented the improvements. Corrective proposals are system oriented. The IRS provided feedback to the reporter on the improvement actions implemented. The improvement measures were divided into 4 categories: Communication, Medication, Organization, and Technology. The types of barriers to implementation, from more to less important, were as follows: physical natural, human action, and administrative. Three working groups within primary care analyzed and coordinated the improvement measures derived from these reports.
Software description
The SINOIRES (MC13080056; July 14, 2014) was developed as a project of JAVA, programming a Struts framework as a database using Microsoft SQL Server. Uncertainty of estimation was assessed by a calculation of the 2-sided Wald 95% CI. To calculate the reporting rate for a 1000-day stay, the total of all the reports during the study period was used as the numerator, and the total patient stays in that period was the denominator. Pearson or Spearman correlation coefficient was used, when appropriate, to assess a possible link between the number of reports and the training workshops.
To evaluate possible differences in the percentage of groups of age ranges with respect to the expected distribution and in the events real-time observations before and after the improvement measure, we used the Chi-squared test. Fisher exact test was used to assess the differences between types of PSI (near-miss or adverse event) notified by physicians versus nurses. OR and 95% CI values were obtained. The level of significance <.05 was considered statistically significant. Next, we developed logistic regression model to determine the factors associated with the improvement actions statistically significant in reducing the frequency of near-misses or adverse events, (dichotomous dependent variable), ORs and 95% CIs, based on univariate analysis. Single factors used were the characteristics of PSIs, the types of PSIs categorized to near-miss or adverse event, and the methods of analysis. In multivariate analysis, we introduced the factors considered significant in univariate analysis (P < .10). To control the type I error rate of multiple testing logistic regression analysis was adjusted by a bootstrap resampling analysis with 10,000 samples. For each sample, logistic regression was performed entering the factors with P < .01 on univariate analysis. The data analyses were performed using IBM SPSS Statistics version 20.0 (IBM Corporation, Armonk, NY).
Results
Characteristics of the reports
A total 2096 reports were identified from January 2014 to June 2017; of these, 113 were excluded because they were not PSIs. Of the 1983 PSIs, 91 were related to primary care or SUMMA-112 and 58 were reported from the department of Patient Liaison Service and Social Work Unit. The median of reports per department or nursing unit was 1 (range from 0 to 331). The PSI Table 1 Characteristics of PSIs (n = 1983): phase, type, evolution, who was informed, and if the PSI could have been prevented. (Fig. 1A) . During the period of analysis, the FURM performed 10 training workshops on patient safety. There was a significant correlation between reporting rate and the number of workshop-trained local CSLs (Spearman coefficient = 0.874; P = .003) (Fig. 1B) Table 1) . The groups of patients under 2 years of age and over 65 years were the most likely to have reported a PSI ( Chi-squared test, P < .015 and P = .048, respectively) (Fig. 2A) ; male patients were most likely to have reported a PSI than female patients (Chi-squared test, P = .041) (Fig. 2B) ; and nurses were more likely to report PSIs than physicians (Fig. 2C) . The ratio between near misses and adverse events was 9.02. Nurses were more likely to report near misses (1144/1247, 91.74%), than physicians (459/555, 82.70%) (OR, 2.31; 95% CI, 1.89-2.79; P < .001).
PSI analysis
At the time of the analysis, 1546 (77.96%) reports had been analyzed. The number of local CSLs assigned to an analysis was 2 or 3 in 96% of reports (Fig. 2D) . The time from reporting to analysis varied from within 24 hours, for high priority PSIs, to within 3 months, median 26 days. The most frequently used method of PSI analysis was the discussion of cases (52.56%), followed by discussion groups (33.51%) ( Table 2 ). The median of time from analysis to the implementation of the improvements was 30 days (range from 1 to 98 days). Contributing or latent factors were reported for 1427 PSIs, not having a contributing factor listed in 7.70% of PSIs. Contributing factors were multifactorial for some PSIs; the mean of contributing factors was 1.63 per PSI (Table 2 ).
Improvement measures
At the time of the data analysis, 207 (of 1427, 14.50%) improvement measures were pending implementation. Finally, 1635 improvement measures were implemented. The mean of the improvement measures was 1.34 per PSI, with 1774 related contributing or latent factors (Table 3) .
Effectiveness of the improvements implemented
A total of 24,836 real-time observations were made over 1220 PSIs, before analysis (n = 12371; median of 10, range 8-20, observations per PSI) and after implementation of the improvement (n = 12,465, median of 10, range 8-25, observations per PSI). A summary of the improvement measures (n = 1774 factors) per category and type of barrier before and after improvement actions and the statistical significance in the reduction of PSIs are recorded in Table 3 : 13 recommendations in organization (n = 635 factors), 10 to prevent medication errors (n = 422 factors), 8 to enhance communication (n = 391 factors), and 7 in the category of technology (n = 326 factors). The analysis showed a statistically significant reduction in near misses or adverse events, observed in 63.15% (medication, P = .044; communication, P = .037; and technology, P = .009) of the improvements implemented, but not in organization category (P = .094) (Table 3 ). There were significant differences in most of the physical and natural improvement measures, but there were no significant differences for the majority of the administrative measures (Table 3) . Factors included in the initial univariate logistic regression model are shown in (Table 4) , were associated with the reduction in near misses or adverse events after the implementation of the improvement actions in a statistically significant manner. The same factors were retained in the bootstrap model. Bootstrap bias-corrected and accelerated CIs for variables in the equation are showed in Table 4 .
Discussion
Voluntary IRSs are not intended to be an accurate picture of the incidence or severity of PSIs that occur in our centers, but a valuable resource to understand and act on the latent and contributing factors of a representative sample of PSIs. [12, 13] In fact, the main drawback of the IRS is the high level of underreporting; according to the Spanish National Study of Adverse Events, [14] the incidence density of adverse events is 14 per 1000 patient-stay days. This means that in our center, under-reporting is approximately 82%. During the period of analysis, the PSI rate increased from 0.39 in 2014 to 3.4 in 2017 per 1000 stays. There was also a significant correlation between the patient safety workshops and the number of reports per month (Fig. 1B) . A positive correlation between reports and the workshops are accepted as a sign of a better safety culture of the organization. [15] Other studies have evaluated the effectiveness of IRSs. Hutchinson et al [16] analysis patterns in reporting of PSI as trend over time, the relationship between reporting rates and other safety and quality data sets. There was no apparent association between reporting rates and the following data: standardized mortality ratios, data from other safety-related reporting systems, hospital size, average patient age, or length of stay. They found a correlation between higher reporting rate and a more positive safety culture. Anderson et al [17] examined the perceived effectiveness of IRSs though a documentary analysis and semi-structured interviews. They found that using incident reports to improve care is challenging and the study highlighted the complexities involved and the difficulties faced by staff in learning from incident data. These studies were not designed to assess the effectiveness of the different types of improvement actions or barriers. The methodology of this study has been revealed which improvement actions have been most effective, and which that those improvement actions should be prioritized by the organization.
Medical chart review has been considered the "gold-standard" for identifying adverse events in many patient safety studies. [18] Compared with medical chart reviews, the IRS identified a larger number of preventable incidents and required significantly fewer resources than did the retrospective medical chart review. For example, the IRS identified adverse events related to the organization or to technology (35% of all PSIs); possibly, the staff believed that the patients' medical records were not the correct place for reporting these types of safety problems. [19] Medical chart review cited incidents such as iatrogenic infections and unrelieved pain, which were identified less often by the IRS. [20] However, the hospital has other data collections, such as the hospital-acquired infections program (Spanish Prevalence Study of Nosocomial Infections), [21] the Bacteraemia Zero project, [22] the Pneumonia Zero project, [23] and the hospital pain program, [24] which identified and performed actions to reduce their incidence. Both the IRS and the medical chart review are likely able to identify problems of patient safety that are responsive to actions to improve the quality of care, [4] but they must provide evidence of changes in process or outcomes. In this sense, this study examined the effectiveness of the improvement measures over 1774 contributing or latent factors on the reduction or the occurrence of near-miss or adverse events. In agreement with the data in the literature, improvement actions that included physical or natural barriers proved to be more effective than human and administrative barriers. [25] In addition, the improvement measures achieved a reduction in litigation claims in the hospital following the implementation of the IRS, moving from the second-highest number of claims among Spanish hospitals in 2015 [26] to the 4th highest in 2016.
[27]
Lessons and limitations
To use real-time observations as a measure to assess the reduction of near misses or adverse events is a good proxy for the effectiveness of an IRS. A systematic review of health care workers compliance with hand hygiene guidelines in hospital suggested that comparing with self-reported behaviors, observed practice showed very poor rate of adherence to guidelines. That is in part because, previous studies have generally linked predictors of hand hygiene with health care workers intended or self- Table 2 Methods of analysis and contributing or latent factors of the PSIs (n = 1893). 
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Summary of the improvement actions implemented
The percentage (95% CI) represents the frequency of near misses or adverse events observed (real-time observations) before and after the improvement actions were implemented. The last column show if the improvement actions were or were not statistically significant in the reduction of the frequency of near misses or adverse events. CI = confidence interval, ICU reported behavior rather than their real-time observations. [28] But when real-time observations were made the explanations for noncompliance with hand hygiene provides a coherent way to design better interventions. [29] In this sense, this study measured PSIs in 2 different ways: to assess patient safety awareness of health professionals, we used the notifications of PSIs in our IRS and we observed that notifications increased through the period of study. To assess the efficacy of the measures we implemented, we performed real-time observations before and after the improvement actions. External staff recorded events directly observed in the location of each PSI notified by the IRS. The impact of the interventions by PSIs rates (before and after) was obtained through direct observations. The reduction of near misses or adverse events could not be due to the decrease of awareness and willingness to report such events, given that the information was obtained through real time observation
The study of the near misses as a surrogate for adverse events is relevant because incidents constitute a population in which the adverse event is a subset. Analysis of these reports indicates that both human and systemic factors contributing to human errors can be identified. [30] According with the results of the study, nurses and other non-health staff groups (e.g., cooks, maintenance technicians, clerks, cleaning personnel) reported more incidents ending with no harm to the patient. [31] The aggregating data analysis collected at a local level reveals more widely latent conditions but is time-consuming. [32] Near-miss was the type of PSI with more improvement measures pending implementation in the hospital (207 measures).
The low impact of theoretical education program for newcomers on the reduction of PSIs is worrisome (Table 3) . Traditional education programs for health professionals in hospitals, such as this one, are mainly theoretical and do not focus on practical skills as communication, leadership, and team work. There is a growing body of literature supporting the use of simulation as a more effective educational tool to promote practical abilities among physicians and nurses in clinical practice. Thus, the implementation of this educational method in patient safety could help reduce PSIs. [33, 34] There are also questions about the effectiveness and cost of IRSs. Renshaw et al [35] estimated that "the cost of the system was equivalent to 1184 UK National Health Service (NHS) employees spending all their time each month completing incident forms," which were time-consuming to complete. [36] For this reason, this IRS aims to take less time to complete, a median of 10 minutes (159 reports evaluated, range from 3 to 20 minutes).
Our study was performed at a single tertiary hospital. In addition to being a single-center project, there are some other possible conditions limiting generalizability. One area of possible bias was that no comparison with other IRSs has been made. A direct comparison of 2 different IRS methods would provide valuable information regarding success factors, and to facilitate the choice between different IRSs.
Conclusion
In conclusion, the implementation of a hospital IRS, together with the systematization of the method and analysis of IRSs by local CSLs has led to improvement measures for over 1774 contributing or latent factors (median of 1.34 per PSI). The analysis showed a statistically significant reduction of near-miss or adverse events observed in 63.15% of the improvements implemented. The variables associated with significant improvement measures were "adverse events" type of PSI, "discussion group," and RCA type of analysis. There was also a significant correlation between the patient safety workshops and the number of reports per month. All contribute directly to safer care, which is an important boost to the consolidation of the patient safety culture in the hospital.
